(19) B*®®mT (JP) (12) & Ife vgc ^ (A ) UOftffaiK&BISif 

#B§¥9- 266326 

(43)4>iHB ¥^ 9 ¥0997) 10^ 7 B 

(so intci. 8 mimn jftmrnm^ fi sw^*®3f 

H 0 1 L 33/00 H 0 1 L 33/00 C 



m&m& »*«CD»7 FD (£ 6 M) 





#®¥8 -99096 


(71) U®A 


000241463 










(22)ffiS0 


¥/£8*P(1996) 3 £27 H 




5f*tli£B# H a irA^^-^^sw 1 








Sftg 






(72)fS$!# 










s*dab# a #ap# b i 














(72) 28^* 


<h» IE*? 








b#ip# b «r*w^* £ fya 1 














(74)ftSA 













(54) t&wozm sm&fcmfc-ermvm&ftftmT 



(57) BSKfl 

6 ti-?7 5 y K/f 7 1 OlHtS^WtCfct-t 5 C7)M 




1 



(2) 



^PiTO-266326 

2 



<7>_fctc^fiR*ns^^v b*mt£^?&%ftm=Fiz&\, * 
x, 

^mmtmzv^v b'm^MumtcDmcD^mumx 
&mx&&z.t fe^tt^ i tciatfeco zwmt 

^{i4^(7)AlxGayIni-x-YN(0^x SI, OSy Si, 0 

^x+ y si)-?&y, mttvv^Mcmffititmzm: 
m<Dmmtt.tmv7v ^mammthKnmammtiz 

mmM4l taiaH^«37C^OInx)Gai-xiN (OSxl 
SI) XSb fx fata # 7 V FBI* 3 7C^(Z)Aly i Gai - y i N (0 

Syl si) y , ffifB^ y ^Stittiia^S^MJt 
i: mJlH 1 9 «y KS(7)ffl^tb i: (nmcomrfttUzmRZ tifz 
Al x2 Gay 2 Ini-x2-Y2N (0 Sx2Sl, 0Sy2Sl, 0Sx2+y2 

si) z. h zmLt~tz>m>m 1 izm&y 3 tm.it 

iW>m 5 ] MB^r -Y y t/ScTW > ^ t> A (In) 0)fflfiStIt 
#fff§3#g^7>^fuIB^y K/fOfioX &cjgtiTM'> 
U MB^^^^coT;i/5-^A(Ai)(7)|fifixtt^tfilB 

^114 tcfB*fe(7) 3 wmitrnt-smmfomm+o 

[ff*rl6] g^BI§^& 3 7C^<7>Inxi Gai -xiN (OSxl 
SI) T-fe U > m^VV FMl* 3 7C^C7)Al y 1 Gai - y 1 N (0 
Syl SI) X& U , mflB^^^ -JMIZ 3 5c^(7)Inx2Gai -x2 

n (osx2sxisd x&&z.t*tmt-tmimi\z 
mm 3 wmimit&mmttmmT. 

tficmmm mi 2 5 v m rao < \zmvzwg% 

mmoy 3 tmitwcsmmfcmMTo 

[0 0 0 1] 
[0 002] 



mt L TAlGalnN %<Dit&Vd¥^fo* m ^fz 

[0 0 0 3] AlGalnN ^j^MC&UT^ Mg£ K-^ 

£ (Difg^ AlGaN (7) p feS®C7)^ 5 <5/ Kg <h , ZnhSi K 
-^(7)InGaN <7)^ftjl^ GaN (DutSt Zm^faZzf )\s 
^D^&%-r-5^^^^-K (LED) tWHI£<* 
10 tiX\^ 0 
[0004] 

[#gWj$&UcfcOi:1-£I&S] ^5^, ±.m<D&o 
ftlnGaN C7)f§^M(7)±iC(S^ AlGaN <7)^y Ki^l 
^fyO^fltit"^ AlGaN OT^y K7f <7»&ft?ag 

fe^, ^7yKWM(Cj30t, ^3^^InGaN 

Z> 0 Jglc, 3p^<7)£{Wc J: y , ^(7)^{im<&y. 
[0 0 0 5] f3«S^g^Ilt B^W^fl^ 

mn t {mm.o>fa±. &mz>z-tx&& 0 

[0 00 6] 

30 m(D^Rumt(Dm(D^Aumx^M^mx\ mem 

a) Ay v¥vv7*^~?z>mm£*^-th zwmtm* 

[0007] m>$M2(nmw&, *(»*^v~jm*, m 
ytmfriouv vmizM-tx, mmt^mmm^mm 
mzmt-tz>mtLfczk.x&2>o warn 3 omw&, 
mm tv^vmiL^vzrm*^ in 

i-x-yN(0Sx SI, OSy SI, OSx+y Sl)<hU 

40 (ofmmMuzmR^tzz.t.x^h 0 mmn^cnms 

(±, H^Sii3^(7)InxiGai-xiN (OSxlSl) X& V , 
^^V KS(i35c^(7)AlyiGai-yiN(0 SylSD^y, 

r B E !(7)$fi^WcS^$tl^Alx2Gay2lni-x2-Y2N (0 Sx2S 
1, 0Sy2Sl, 0Sx2+y2 SI) X&SZt %&mt1r& 0 

m>m 5 owm. **?v -?mv>-( yv^Min) mm, 

-v v -fmvrr)^ -?mad ommt^mM^ *> v ? 
v b*mzfc-z>< izmnxmutzj: o \zmm5i\mm 
50 mzwt^tzz.k.^.wkk.~th a m>mQ(7)wm. 
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?§#jgl±3 7c£<7)InxiGai-xiN (OSxlSl) T?&y, ^ 
•V K®i* 3 7C^(7)AlyiGai-yiN(0 £yl;Sl)t?<fcy, 
^^»{437C^<7)Inx2Gai-«2N (0^x2^x1^1) X'&6 

ztzmttir& 0 mm%7a)Mwit, mtmeicts^ 

[0 0 0 8] 

«t^^*/Kjii:(7)iBitc, znbcDi&m&mmcDUSx* 10 

OMR* mmmtffa±.h, mstrnttmrntht^ 
[ooo9] ^p^tcty^te^-vuTSjua 20 

«fc y %> * y m ^7*; K»OXrt> K^r-Y v 70)15 £ 

*g < ^6^^* So 4 ^OTAlGalnN ^fr<7)^ 

k:«, ai#^vs^> k^t-v^ ^t*jE< &y jastastf 
r < * y , in##i k^-y y ^«/Jn^ < ft y dm 

* isst© i: * - v * zrm<7>&7m<7ym&o)m<mmt t 

mm tv^v vrncDAy v -^t^mumay^m 
ttsct^t-ss. cco^eift^Mtfcttii^^b^ 30 

GaN , >7 9 y KWtfAlGaN (7) 3 tc* "??<SfiJ£^ tl"C t < 

*VJn^c t # KiBcfc y & T;i/^ ^2 AffiJE&ftflVh 
*t»37C^OInGaN XfiAlGaN Jltt 4 7E&0>AlGaInN & 
fflo<g>3<h-£\ ^> K^^y^M^<7^{$£» 

[0 0 10] 

s&OT&ftOo 

A 7«S 1 ±tC0. 05 n mc7)AlN /b77f2 tfffM£ ft 

[0 0 11] *<7V^y:7T»2<7)±C«u MBc, ilKffift 
4.0 Aeiru W^7fiK2 XlO'S/cm-^^ U n>(Si) K-^ 
GaN VTmmn+ «3, ».5 

<7)«^TO5 xi0 17 /cm3(Z)iy r ;n>(Si) K-:/<7)GaN # 50 
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«b/SSn®4, nm, E»(Zn) zi>(S 

i) K-^*tL-?*U SXlO'S/onPlCK-^tlfcln 
o.2oGao.8oN frhWL&WtmS, KTOlOnm, 
mm 2X10 17 /cm3, 7^^7A (Mg) TO 5X10' «7c 
m 3 K-^t7)Ino.o8Gao.92N *^^| ) pfcil(?)4^^7' 
Jf6, TOftlOO nm, Jix-;UgS 2X10 17 /cm3, 
*>"7A (Mg) TO 5Xl0 19 /cm 3 K--7°COAlo.09Gao.92 
N ^^p^S(7)^7 7 KM 7 1, KJfl^OO n 
m, Tts-J^mm 3X10' 7 /cm3<7)7^*^»7A (Mg) TO 
5X10'Vcm3 K-^<7XJaN hH7 
2, mmtj&nm, afc-;UMB> 6X10 17 /cm3(7)V^^ 
•7 A (Mg) TO lX102°/cm 3 K-^COGaN rt^figSp* 

23>£>?h/173 C7)±[g£ft fCNi/Au 2 ft 

saunas 9 im&& Mommmm 9 oppiw^oi 
/au <7)2mMfrb&&tfy7 : '< y ycofr&cDAy ki 0 

#7$G£3ftT05. 31, n + ®3±{C{iAl^«bfi£S®g 
[0 0 12] ^(7)«it(7)«l*S^(7)^75ffilC 

o^r^-r^o ±ra^e^ioo (4, *S^JS^BJ* 

(OTMOVPE) IC«J:S5WBJ*ftK:J:y«tSn 
fee MV^tlfc^t^ 7>^-T(NH3) , ^-V'JTiJ 
X (H2) , MJ **;U#U£A(Ga(CH3)3) C£IT fTMG 

j fcffi-T) , h'J^f-;i/T;i/^-'7A(Al(CH3)3) 
T TTMA j tf&f) > hU^^;i/^>^'7A(In(CH3)3) 

(OT TTMI j tmt) , ^5>(SiH4)<bi>^P^>^ 

yxrL^v^^^ACHgCCfefeJzXOT rcp 2 Mg j £82 
-r) r*fes. 

[0013] «M[fiM!:ot'J^lfc 
a®?:±®i:L, ^M^<7)i^7 r Y T 7 *® 1 &M0VPE $g 

flE-^fe ^r^2 liter/^T^30^S^^^Uft*^ 

[0 0 14] ^ic, -iaS^r 400'X:^t?{g;T^-ttT> H2-& 
20 liter/^ NH3 &10 liter/^ TMA I.8XIO- 5 

^;i//^-CW90^|BP*ftl/-tAiN (7)y-N^ 77I2 

05 u mO)19-Z OfMl fee iWC f7T^ TffiS 1 <Z>fi 
g^ll50°CtCffi^L, H2fe201iter/^, NH3 felO lite 
r/#, TMG § 1.7X10- 4; E;i//^ Ha^X^Cj; yo. 86p 
pm Kffi&tliti/jy =&20X10-8^;u/^^40^*A 
iH%0 /zm, S^TO lXlO' 8 /cm3, J/»J3> 
TO 4X10 1 8/cm 3 (7)i/Un>(Si) K— 7°GaN T&^fiJcSiSJ 
^YU7TOn + 13»t, 

[0 0 15] ±|E(7)^-vUT?ISn + |3»t 
ft, ^^TSS^HOO 0 C H2^20 liter/ 

£\ NH3 *10 liter/^ TMG & 1. 12 XIO-^P/ 
^ H2**7.(Ccty0.86ppin tC^^tlfc^^> £10X10 
- 9 ^/#-e30#2»AU IKTO5.0 ^m, «^2SS 5 
xiO'Vcni 3 , lxio 18 /cm 3 cz)^Un>(Si) 
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[0 0 16] m^X, £800 "CUWtU ffeXiifc 
£20 liter/£\ NH3 £10 liter/#, TNG £0.2 X10 
" 4; EJl//3\ mi £1.6 XlO-^JU/ft^ fe^JCfey 
0.86ppm tC^^tlfci>^>£lOX10- 8 mol/^--e, DEZ 
£ 2X10"^;U/ #T\ 30^«LTet^lOOnia 
'Jn>£ffi0&j&<, 5xiO'8/cm 3 ^K-^fe 
Ino.20Gao.80N a^jsfcSISfli 5 £7FML£ 0 

[0 0 17] MUT, ggfegoo t3(C«&U N 2 Ji«H2 
£20 liter/#\ NHa £10 liter/£\ TMG £0.2 X10 

1MI £1.2 xi0-4^;i//£\ CP 2 Mg £2 x 10 
10-5^;i//#-e, 3 ^fBl^LrJ¥^lOnra(Z)MS 5X10 
' 9 /cap tC V V% V V AO) K- ftfc* "V y ^» 6 £0 

[0 0 18] iot, ^g£H00°C{C{£#U N 2 3l(iH2 
£20 liter/£\ NHs £10 liter/£\ TMG £1.12X10 

- 4; e;b/£\ tma £0.47xio- 4 ^;i//^ &t>\ CP 2 Mg 

£2X10-5 mmmoO nmfl) 
V^*^A(Mg) K-^(7)Alo.o8Gao.92N trhfi&VJ 
v KM 7 l £ffMLfc ^5-yK17i ay? 20 
JRgti 5xl0i9/cm3T'fe-&o ZlWKJi^tt. ^5*;Ki 
7 1 fcfc, Jg^lOS QcmJXh(7)|fe^tt:T^6 0 

[0019] mc x um&ntxFcizemu ^xim* 

20 liter/4h Nffe £10 liter/ft, TMG £1.12XKH 
=EJU/^ &tf> CP 2 Mg £ 2X10" 5; E;i,/#-<?- liWHBI 
AU IB&¥#*J200 nm<Z>V^*S/£A(Mg) K-^OTGaN 
*^*5S5l3>*^h»7 2*«ft«Lfc. minis* 
^7 N/17 2<D-?#*i/Q&m8t& 5X10 19 /cra3^-5>o 

10 8 £2cm£U:a)ffilW*:^*S. 30 

[0 0 2 0] fttC, fiKfcll00t3(C«j$U N 2 X(iH2 £ 
20 liter/^ NHa £10 liter/£\ TMG £1.12X10- 4 
^b/^N CP 2 Mg £ 4X10-5^;b/^-^-3 frtfm 

AU »3fr50nm(7)v^*S^A(Mg) K-^(7X3aN # 

bmi 30)-?ir*i/V&mit ixio 2 Vcm3-e^ 
[0021] mz, %mmmmm&m*x. w,2 

ziyzivmiz, 113>^^M72, *^vh'M 40 
7 1, atf^y^»6K:-tSltC«^««:!8(lfLfc. % 

=mvm&ki*ttis imwmiow, simsua, 

tf- A(D&m&m. 2mm/sec, tf-A?16O^m0, K£ 
S5.0 Xl0- 5 Tori-e&6 o i(7)« : F«kZ)figWiC«fcy, H 
2a>3i^M73, m=3>*£hJi7 2, ^77 K 

171, ^^y^®6tt, m^tu ^-;nse 

XlO'Vrf, 3X10' VcmS^XlO 1 Vera 3 , 2X10 1 Vcm 3 , & 
StS|K 2Qcm, 1 Qcm,0.7Qcra, 0.7 QanOTp 



^Hfi¥09-266326 

6 

[0 0 2 2] i^t, 02— ®4K:^-r«i:^tC, Jg 
3(7)mS8£ffM-r§fe^C ^2n>^^M73 1 
fflln>3^hM7 2, ^57Ki7 1, *-V5/^» 
6, 3§3\yf 5, ng4W-g|S£, jry^^Ccfc 
Lfco ifctC, -mcNi/Au (D2m^MML, ~?*YVV 

*§ ^2^>5f^7h®73 (7)±tC^^mM 9 £ff^ 

^cbfeo *LT, ^C9MM9(7)-3WCNi/Au tf)2Jf 

Wt<**u Hnc^*itC0l§7fe^^-K£f#fc o ^(7) 
||«^f*|gM^20mAtr|Btt o -^M430 nm, 
3S#3ffiK2000inCd X'&^fzo $£&ffljk(7) LED tCifc^T 

[002 3] ±gS686»lT?tt* *rV?m&<D4yyV2x 
(In) (7)IMJ:b £0. 08 <h L tf, 5^5f K» 

{C, T;i/^-^A(Al)C7)ia^i±£0 ^?>0.08NW^ if 
ffllS-eT*^^. S^iC, 4je^(Z)AlxGa y Ini-x-YN(0^ 
x ^1, OSy SI, OSx+y ^l)^^J«f*£ffl^T, 
bfa'hV'yV KM 7 1 &C/WT\ AW'OK (In) 
^IMirb£M'>^-&«> <h^CT;i> 5 -r>A(Al) WlWtt 

£i#»n^-a-r*^^o z.frh<r>*^v?m§oMs8S&k. 

[0 0 2 4] X, 5Bt»5i:*-Y?/^»7 liC, 4tc^ 
(7)AlxGa y Ini-x-yN(0^x SI, OSySl, OSx+y Sl)^ 

wx, in, Aix Q&omm&tfmtmshV'yvvmi 1 

(7)l«kZ>fii:**«fce>K:, Z J v KM 7 lCfr 

mHi^FflBa (qw) ^mAttpmrn. (mq 

W) feffl^T%>AV>. 

[0025] m^mmm 

m 2 otmcdis^^ 200 ^cot it^tSo 

H5tCfe^T, nl4£^-V'JTMSn + »3£|8# 
M 5 i: cor^^^-^w^ib SrSmrt" ^ffifi5ci:b(7) n {5^ 

Mtt£f6]±^ 3 t^-e^ So 
[0 0 2 6] E5tfe^T, n + S3©±C, KJWfllO 
nm, 5X10 17 /cm3(7)iyUn>(Si) K-^(7)In 

o.o8Gao.9 2 N ^^S^14'Pb1M4 1, ^TOlOnm, 
m?-M 5X10 17 /cm3c7)>>'Jn>(Si) K-^<7)Ino. ioGa 
o.ssN ^^sm2 4T B E lM4 2£JfMLyco ffeOMCo 

[0027] m2mmmxitmi^rm4i(7)-(y^o 

A(In) 05«a^fcfcfe0. 08 i: L, ^ 2 ^PsW 4 2(7)^>^ 
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JCiS^K KjgftT, 3g^5cDY>^A(In)c7)*Mit 
£0 ^fD0.20iC)Ii^ Jf#|]£tf"C&iit\, 3C7)B#, 2P5 

^60 ioT, InGaN <7>2S^5GtfbT, InGaN J; y 

K^>y , fe?7m&mm 5 o&to 

-yrfci^MitcDAlx Ga y In, - x - y N (0 S x SI, 

osy si, o^x+y ^i)*tpmm 4 tLTm^Tb& 10 

I ^ X, ZKZ)*™ 4 n + « 3 Oy&ffimK& b 1 * 
^^-L-r^MibWAlxGaylni-x-YNCOSx SI, OS 
y SI, OSx+y Sl)7^/&6!il 1 4^*1 1^15(7) 

I ^5@R£:-r £l&tfttf:<7)AlxGay In 
i-x-yN(0Sx SI, OSy SI, OSx+y S1)*^^6B2 

a^is 2 *tm<m^ m-mk*.m 2 ^rasiciK^^ 

je£t!:£l/iI^h^i£/^£^T*,&0 0 31, n + € 

3 rt^lgftg 5 IZfattX, ^^fcWiittWJCSffh-rS 

f&yfcjf 5 lilnGaN , n + J| 3 «GaN LLfct)\ Zft 
t>0)Mk>. 47C^(7)Al x GayIni-x-YN(0Sx SI, OSy S 

l, osx+y sD-tu *n^a)»<7>ratc±a!Ufciji«0 

4 7C^(7)AlxGa y Ini-x-YN(0Sx SI, OSy SI, OSx+y 
[0 0 2 8] ZO)<j;9t*P B 1f4^ffMtSZtt% H 

ffc#Bfelt3*U C<7)Sg2§M^«^ClT£^-£\ ck 30 

CO 0 2 9] X, 4^4, n* ^3<7)S"Jr2>M 
(i, 1 X10 17 /cm3~l X10 Z0 /cm 3 #M£U\, 1 X10 17 
/cm3aTX~&£ tmmt&V, 1 XlOZO/anSjJU^fe 

5nm ~50nm#M£L!^„ 0. 5nm £XTX'&& tM%*%—l/Z 
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ffM-e^ 4^ < & y , 50nma±-e* s h fg^»^mr u 

S*U<*0. n + Jf3(7)/¥2i£, 0.5 ^m~10w 
m^ltLOo 0.5 fxmtXTX&&t, x7f>^Ut 

mmt&v, w vm&Lh"eib&±9 ? *j v wxvmizi, 

^tlfll, 1 X10 17 ~l X10 20 /cm3^M*L^o jftg75< 
1 xi0 17 /cm3j;yf&T'r-5.i:M^/)HSTL, 

[SI 1 ] *3S»&Af«9&£ 1 SUfeWlc«S56*3f-f * 
[02] ^SgMW^^^-KCDMiiX^&^bfe 

ram, 

[fas] *mMo>&m}tem2mMmic{&&mt#j* 

100 

3- -^^UT?U^n + S 

4- n® 

6 

7 K* 

7 2-Il3>^^ hif 

7 3-m2xy$thm 

8- mm 

9- mmmm 

1 0- /W K 



[02] 
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(72) mm mm $m 



(72) wm m=. 

0 mm 0 ffr^&^jya 1 



